Let d(G) denote the minimum of the cardinalities of the generating sets of the group G . Call a generating set of cardinality d{G) a minimal generating set for G . If A is a finitely generated nilpotent group, B a non-trivial finitely generated abelian group and A wr B is their (restricted, standard) wreath product, then i t is proved (by explicitly constructing a minimal generating set for A wr B ) that d(AvrB) = maxd+dU),
Introduction
The rank d(G) of a group G is defined as the minimum of the cardinalities of the generating sets of G , and a generating set of cardinality d[G) is called a minimal generating set for G . The main result of the paper states that if A is a finitely generated nilpotent group, B is a non-trivial finitely generated abelian group, and A wr B is their (restricted, standard) wreath product then the ranks of some finite .wreath products. In particular, we show that the above formula for d(AvrB) remains valid whenever A is a finite nilpotent group and B a non-trivial finite group which is either nilpotent or has order co-prime to that of A . However, this approach does not appear to help find minimal generating sets for these wreath products.
The following notation will be used. If G is a group, denote by . Also l e t C be the cyclic group of order p and A the base group of the restricted wreath product A wr B . If G is a group and n a positive integer, G denotes either the direct product of n copies of G , or the subgroup generated by the nth powers of the elements of G ; the context will make clear which meaning is intended.
I t will be convenient to deal with a simple preliminary observation here. Namely, i f A is a finitely generated nilpotent group and B is a group with a"non-trivial finite homomorphic image (say C ) , then HA) = *(/l ) < HAvrB) so d(AvrB) = <i(/l/*U)wrB) : thus no generality is lost if $(4) = 1 is assumed.
Let G be any non-trivial finite group, p a prime, e an integer, e > 1 , and F a free group of rank e . If R is a normal subgroup of & F such that F /R = G (and one such isomorphism is specified), then R/R'K may be considered a G-module in a natural way. The modules which arise in this manner, and some applications to the ranks of certain groups, form the subject of paper In fact, in this result p may be replaced by any integer t co-prime to |ff| . This is immediate when t is square-free; for then R/R'R is the direct product of the R/R'tf with p ranging through the prime divisors of t .
Suppose now that A is a finite nilpotent group and B a finite group with g.c.d. ( |i4| , \B\) = 1 . As we noted in the opening remark of this section, we may assume that $(/!) = 1 ; now this means that A is abelian of square-free exponent, t say, so i t is a homomorphic image of
C7
. 
He describes R/R'IF also in case p \G\ , but that description involves parameters which can only be calculated if the submodule structure of the regular representation of G over GF(p) i s sufficiently wellknown: we know of no effective way of determining them in general. The special cases of i n t e r e s t to us in which t h i s approach could be used are more easily accessible from another result of Gasch'utz [ 3 ] , which we now proceed t o discuss.
In Satz h of another paper [ 3 ] , Gasch'utz gives a formula for the eulerian function of an arbitrary f i n i t e soluble group G . This formula may be used to calculate A special case of (3) 
Minimal generating sets for some wreath products
The purpose of t h i s section is to establish (independently) a p a r t i a l generalization of (k):
is a finitely generated nilpotent group and B is a finitely generated non-trivial abelian group, then d(AvrB) = max{l+d{A), d(A><B)} .
In fact, we can give explicit minimal generating sets for such wreath products. However, to simplify expression we f i r s t perform a reduction. A r e s u l t of McLain (Lemma 2, [6] ) says that i f N i s a nilpotent normal subgroup of a group G , and i f H is a subgroup of G such that HN' = G , then H = G . I t follows that if i is a nilpotent group and B an arbitrary group, the generating sets of A x B correspond naturally to those of A/A' x B . Under the same assumptions, the generating sets of A wr B correspond naturally to those of A/A' wr B (the l a t t e r wreath product being isomorphic to the factor group of the f i r s t over the derived group of i t s base group). Thus for the purpose of discussing generating sets of A x B and A wr B with nilpotent A , one may replace A by A/A' .
. On the other hand, we have already seen that
Thus for the proof of (5) i t remains to construct generating sets of the appropriate size for wreath products of f i n i t e l y generated abeliar. groups, which we now proceed to do.
Let A and B be non-trivial finitely generated abelian groups; put It would be interesting to know whether (5) remains valid if B is assumed to be only'nilpotent instead of abelian. The fact that this is true in all finite cases (k) suggests a positive answer.
